Cytotoxic and adhesion-associated response of NIH-3T3 fibroblasts to COOH-functionalized multi-walled carbon nanotubes.
As novel, promising, man-made nanomaterials with extraordinary properties, carbon nanotubes have been attracting massive attention in regenerative medicine. However, published reports on their potential cytotoxic effects are not concordant and are even conflicting. In the current study, the cytotoxic effects of carboxyl-modified multi-walled carbon nanotubes (COOH-MWCNTs), as well as their influences on the cell adhesion of NIH-3T3 fibroblasts, were thoroughly investigated. Live/dead cell viability assay and cell counting kit-8 assay both indicated that the viability of the NIH-3T3 cells exposed to COOH-MWCNTs in the culture medium was dependent on the latter's concentration. Cell viability increased at COOH-MWCNT concentrations below 50 μg ml(-1) and then decreased with increasing concentration. Scanning electron microscopy and immunofluorescent staining of the NIH-3T3 cells revealed that the cells were well adherent to the substrate after exposure to the COOH-MWCNTs for 48 h. Western blot demonstrated that COOH-MWCNT exposure enhanced the expression of adhesion-associated proteins compared with normal cells, peaking at an intermediate concentration. Our study showed that the cytotoxicity of COOH-MWCNTs, as well as their effects on NIH-3T3 fibroblast adhesion, was dose dependent. Therefore, COOH-MWCNT concentrations in the cell culture medium should be considered in the biomedical application of COOH-MWCNTs.